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Crop Yields and Nematode Population Densities in 
Triticale-Cotton and Triticale-Soybean Rotations 

A.  W .  J O H N S O N ,  2 C .  C .  DOWLER, 2 S. H .  BAKER, 3 AND Z.  A .  HANDOO 4 

Abstract: Triticale cv. Beagle 82, cot ton cv. McNair 235, and  soybean cv. Twiggs were a r ranged  in three  
c ropp ing  sequences  to de te rmine  the  effects o f  f enamiphos  and  cropping  sequence  on  nema tode  
popula t ion  densities and  crop yields u n d e r  conservat ion tillage for 4 years. The  c ropping  sequences  
were triticale (T)-cotton (C)-T-C, T-soybean (S)-T-S, and  T-C-T-S. Number s  o f  Meloidogsne incognita 
second-stage juveniles  decl ined on trificale bu t  increased on  cot ton and  soybean each year. Root-gall 
indices o f  cot ton and  soybean ranged  f rom 1.00 to 1.08 (1 to 5 scale: 1 = 0%, 2 = 1% to 25%, 3 = 26% 
to 50%, 4 = 51% to 75%, and  5 = 76% to 100% of  roots galled) each year and  were not  affected by 
f enamiphos  t r ea tmen t  or  c ropping  sequence .  N u m b e r s  o f  Pratylenchus brachyu,~us were ma in ta ined  on  
trificale and  generally increased more  on soybean than  on  cotton. Populat ion densities of Helicotylenchus 
dihystera were nea r  or  below detect ion levels in all plots du r ing  the  first year and  increased thereaf ter  in 
un t rea ted  plots in the  T-C-T-C and  T-S-T-S sequences.  Generally, yields o f  triticale in all c ropping  
sequences  decl ined over the  years. Yields o f  cot ton a nd  soybean were not  affected by f enamiphos  at 6.7 
kg a . i . /ha .  Cotton and  soybean were grown successfully with little or  no  suppress ion in yields caused by 
nematodes  in conservat ion tillage following triticale harvested for grain. 
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Helicotylenchus dihystera, lesion nematode ,  m a n a g e m e n t ,  Meloido~ne incognita, nematicide,  nematode ,  
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The  suspension of  several impor tan t  
nematicides has prompted investigation into 
alternative, nonchemical methods for the 
management of plant-parasitic nematodes. 
Crop rotations and resistant cultivars have 
been and will continue to be a primary 
means of managing nematode population 
densities in annual crops. 

Cotton (Gossypium hirsutum L.), (Heald 
and Orr 1984; Starr and Page, 1990) and 
soybean (Glycine max (L.) Merr.) (Schmitt 
and Noel, 1984; Sikora and Greco, 1990) are 
damaged by many nematode species. In the 
southeastern United States, the most dam- 
aging nematodes include Meloidogyne incog- 
nita (Kofoid & White) Chitwood for cotton 
(Johnson et al., 1974, 1975) and Meloidogyne 
spp. for soybean (Kinloch, 1980; Pedrosa et 
al., 1996). Cotton hectarage has increased 
across the Southeast with the largest in- 
crease in Georgia. 
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Triticale (Triticosecale Whittmack) Beagle 
82 is an early-maturing, spring-type, small- 
grain cultivar (Barnett et al., 1982). Ibrahim 
et al. (1993) reported that Beagle 82 was a 
good host for M. incognita race 3 and M. 
arenaria (Neal) Chitwood races 1 and 2 un- 
der greenhouse conditions. Beagle 82 with- 
stands certain diseases better than wheat 
and has a higher content of amino acids 
than corn or wheat; however, because the 
cultivar was developed as a spring crop, it is 
not winter-hardy (Barnett et al., 1982). 

Because Beagle 82 triticale has such a de- 
sirable amino acid composition, interest has 
increased in its potential use in poultry and 
swine feeds. Animal scientists have shown 
that triticale can replace all the corn and a 
portion of the soybean meal in swine diets 
(Hale and Utley, 1985). Although recog- 
nized for its nutritional value, triticale is not 
widely grown in Georgia. Approximately 
10,000 to 12,000 ha of triticale are planted 
each year,  c o m p a r e d  with more  than 
202,000 ha of wheat grown in the state. 

T h e  h e c t a r a g e  o f  e n v i r o n m e n t a l l y  
friendly farming systems known as conserva- 
tion tillage, where a minimum 30% of the 
previous crop residue remains on the soil 
surface, continues to increase in the south- 
ern states (Conservation Technology Infor- 
mation Center, 1995), led by substantial in- 

353 



354 Journal of Nematology, Volume 30, No. 3, September 1998 

creases in soybean product ion.  Georgia  and  
Nor th  Carolina have been  leaders a m o n g  
southern  states, where conservation tillage 
in cotton increased by almost  46,945 ha in 
the past 5 years. Growers in Georgia and  
N o r t h  Caro l ina  p r o d u c e d  an add i t iona l  
35,614 ha  of  cotton unde r  conservation till- 
age in 1995, and  Louisiana growers added  
more  than 6,070 cotton ha. 

In format ion  is not  available on the com- 
patibility of  triticale in c rop  produc t ion  sys- 
tems. The  objective of  this study was to de- 
t e rmine  the effects o f  triticale-cotton and  
triticale-soybean c ropp ing  systems and fe- 
namiphos  on nematode  popula t ion  densi- 
ties and  crop yields unde r  conservation till- 
age. 

MATERIALS AND METHODS 

Field plots were established in November  
1986 and  ma in ta ined  th rough  D e c e m b e r  
1990 on a Tifton loamy sand (fine-loamy, 
siliceous, thermic  Plinthic Kandiudults: 85% 
sand, 10% silt, 5% clay; 0.5% organic mat- 
ter; p H  5.8 to 6.3). The  plots were naturally 
infested with Meloidogyne incognita race 3, 
Pratylenchus brachyurus (Godfrey) Filipjev & 
Schuurmans  Stekhoven, and Helicotylenchus 
dihystera (Cobb) Sher. 

The  exper imen t  was a split-plot with crop- 
p ing  sequences (whole-plots) in strips repli- 
ca ted  twice, a n d  n e m a t i c i d e  t r e a t m e n t s  
(subplots), with three 1.8-m-wide x 7.7-m- 
long beds, replicated six times. Initially, the 
soil was disc-harrowed, plowed 25 to 30 cm 
deep with a mo ldboa rd  plow and shaped 
into beds 10 to 15 cm high. The  location 
and  t rea tments  r ema ined  the same for  4 
years. 

The  c r o p p i n g  sequences  were triticale 
(T)-cotton (Q-T-C,  T-soybean (S)-T-S, and 
T-C-T-S. Triticale cv. Beagle 82 was seeded at 
108 k g / h a  in rows 1.5 cm apar t  with a grain 
drill in November  or  December ,  and har- 
vested for  grain in late May each year. Fe- 
namiphos  3SC was applied broadcast  at 6.7 
kg a . i . /ha  in 0.64 cm water  via irrigation 
over one-half  of  each plot  immediate ly  after 
each  c rop  was p lan ted ,  as desc r ibed  by 
Johnson  et al. (1986). The  remain ing  half  o f  

each plot  was left untreated.  Immedia te ly  af- 
ter triticale was harvested, paraqua t  was ap- 
plied (broadcast  at 0.23 kg a . i . /ha)  with a 
t r a c t o r - m o u n t e d  sprayer  to kill exis t ing 
weeds. Plots were subsoiled 36 cm deep with 
a conservation tillage imp lemen t  equ ipped  
with fluted colters moun ted  beh ind  the sub- 
soil shank to refirm the soil. Fifty percen t  or  
more  of  the triticale stubble r emained  un- 
dis turbed on the soil surface. Soybean cv. 
Twiggs (67 kg /ha )  and cot ton cv. McNair 
235 (15.7 k g / h a )  were planted in rows fol- 
lowing the colters in June ,  and  harvested 
d u r i n g  O c t o b e r  a n d  N o v e m b e r ,  respec-  
tively. F luometuron  (1.68 kg a . i . /ha)  and 
fomesafen (0.42 kg a . i . /ha)  were appl ied 
th rough  the irrigation water for  p reemer -  
gence weed control  in cotton, and metha-  
zole (0.84 kg a . i . /ha)  and  methylarsonic  
acid m o n o s o d i u m  salt (2.24 kg a. i . /ha)  were 
applied with a t rac tor-mounted sprayer for  
pos temergence  weed control  approximate ly  
2 weeks after planting. For soybean, metri- 
buzin (0.42 kg a . i . /ha)  and  ch lo r imuron  
(0.009 kg a . i . /ha )  were appl ied  for  pre-  
e m e r g e n c e  weed cont ro l ,  and  f luazifop 
(0.21 kg a . i . / ha )  and  lac tofen  (0.22 kg 
a . i . /ha)  were app l ied  for  p o s t e m e r g e n c e  
weed control.  

After harvest,  co t ton  stalks were lifted 
f rom the soil with a mechanical  puller  and 
chopped  with a flail mower, and soybean 
stalks were mowed. Paraquat  was appl ied at 
0.23 kg a . i . / h a  with a t r a c t o r - m o u n t e d  
sprayer  to kill existing vegeta t ion  be fo re  
triticale was planted. 

Twenty cores of  soil, 2.5-cm-diam. x 25- 
cm-deep,  were collected f rom the rows of  
each subplot  at month ly  intervals f rom Janu-  
ary 1987 th rough  December  1990. Soil cores 
were mixed, and  nematodes  were extracted 
f rom a 150-cm 3 subsample with centrifugal 
f lotation (Jenkins, 1964). Before soybean 
harvest and immediately  after cotton har- 
vest, 20 plants were dug f rom each plot  and  
rated for  root  galling by M. incognita on a 1 
to 5 scale: 1 = 0%, 2 = 1% to 25%, 3 = 26% 
to 50%, 4 = 51% to 75%, 5 = 76% to 100% 
roots galled (Barker et al., 1986). 

Supplementa l  irrigation was applied when 
rainfall was insufficient to enhance  seedling 
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emergence  and plant growth. Liquid formu- 
lations of  fertilizer (10% nitrate ni t rogen + 
34% p h o s p h o r u s ,  a 32% s o l u t i o n  o f  
NH4NO~-urea, and 60% KC1) were applied 
broadcast through an irrigation system in 
multiple applications based on soil test rec- 
ommendat ions  after each crop was planted. 
The  total kilograms per  hectare applied to 
each crop each year were 112 to 134 nitro- 
gen (N), 0 to 38 phosphorus  (P), and 75 to 
90 potassium (K) for triticale; 67 to 90 N, 0 
to 57 P, and 112 to 140 K f o r  cotton; and 0 
to 11 N, 0 to 38 P, and 112 to 157 K for 
soybean. In addition, triticale received 10 
kg /ha  sulfur in February 1990. 

The data were subjected to analysis of  vari- 
ance and mean  separat ion with the SAS 
General  Linear  Models p rocedure  (SAS In- 
stitute, Cary, NC). Correlation analysis was 
used to determine the relationship between 
crop yields and the nematode  populat ion 
densities in the soil each mon th  from 1987 
through 1990 and root-gall indices. 

R~SULTS 

Numbers of  M. incognita second-stage ju- 
veniles (J2) in the T-C-T-C sequence de- 
c l ined on  tri t icale in bo th  fenamiphos -  
treated and untreated plots in 1987 (Fig. 1). 
The  numbers  of  M. incognitaJ2 ranged from 
0 to 90/150 cm 3 soil at harvest of  triticale 
and increased on cotton each year. The ap- 
plication of  fenamiphos in the T-C-T-C se- 
quence did not  suppress numbers  of  M. in- 
cognitaJ2 in the soil on any sampling data (P 
~< 0.05). Population densities of M. inco~nita 
J2 in the T-S-T-S sequence ranged from 0 to 
130/150 cm 3 soil on soybean th roughout  
the study and were not  affected by the fe- 
namiphos t reatment  (P ~< 0.05; data not  in- 
cluded).  Numbers of  M. incognita J2 in the 
T-C-T-S sequence decl ined on triticale in 
bo th  f e na m ip h o s - t r e a t ed  and  u n t r e a t e d  
plots in 1987, remained low until harvest of  
triticale, and increased slightly on cot ton 
and soybean in November  each year there- 
after (Fig. 2). Populat ion densities of  M. in- 
cognita J2 in the T-C-T-S sequence  were 
lower on cot ton treated with fenamiphos  
than in untreated plots in September  and 

November  1987 and 1989 (P ~< 0.05), and 
were not  affected by fenamiphos on triticale 
and soybean. 

Root-gall indices of  cot ton and soybean 
ranged from 1.00 to 1.08 each year and were 
not  affected by the fenamiphos t reatment  or  
cropping sequences (P ~< 0.05; data not  in- 
cluded).  

Numbers of  P. brachyurus were maintained 
on  t r i t icale  an d  genera l ly  inc reased  to 
greater numbers  on soybean than on cotton 
(Figs. 3, 4). When numbers  of  P. brachyurus 
differed among plots, numbers  were fewer 
in fenamiphos- t rea ted  than in un t r ea t ed  
plots (P ~< 0.05). 

Population densities of  H. dihystera were 
near  or below detect ion levels in all plots 
during the first year of  the study and in- 
creased thereafter  in untreated plots in the 
T-C-T-C and T-S-T-S sequences (Figs. 5, 6). 
W h e n  p o p u l a t i o n  dens i t ies  d i f fe red  in 
monthly sampling, numbers  of  H. dihystera 
were lower in fenamiphos-treated than in 
untreated plots (P ~< 0.05). Numbers of  H. 
dihystera in the T-C-T-S sequence ranged  
from 0 to 113/150 cm 3 soil on all sampling 
dates and were not  affected by the fenami- 
phos  t r e a tm en t  (P ~< 0.05; data no t  in- 
cluded).  

Generally, yields of  triticale in all crop- 
p ing  sequences  dec l ined  over  the years 
(Table 1). During the growing per iod of  
triticale, the air t e m p e r a t u r e  at 152 cm 
above the soil surface was below 0 °C 10 days 
in 1986 to 1987, 37 days in 1987 to 1988 
(range 0 °C to -5 °C), 14 days in 1988 to 
1989 (range -2 °C to -5  °C, 23-26 February 
1989), and 21 days in 1989 to 1990 (range -3 
°C to -11 °C, 22-27 December  1989). The 
application of  fenamiphos increased yield of 
triticale in 1987 in the T-C-T-S sequence (P 
~< 0.05), and the yield increase was related 
to fewer P. brachyums (r = -0.76) in fenami- 
phos-treated plots than in unt rea ted  plots. 
The yields of  triticale in fenamiphos-treated 
and untrea ted  plots were greater  in the T-S- 
T-S sequence than in o ther  c ropping  se- 
quences in 1990. 

Yield of  cot ton was greater in fenamiphos- 
treated than untrea ted  plots only in 1989 in 
the T-C-T-C and  the T-C-T-S sequences  
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FIG. 1. Population densities of Meloidogyne incognita second-stage juveniles (J2) in soil as influenced by fenami- 

phos (6.7 kg a.i./ha) in a triticale (T)-cotton (C) cropping sequence 1987-1990. Numbers between treated and 
untreated plots were not different (P ~< 0.05). 
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FIG. 2. Population densities of Meloidog)'ne incognita second-stage juveniles (J2) in soil as influenced by fenami- 

phos (6.7 kg a.i./ha) in a triticale (T)-cotton (C)-T-soybean (S) cropping sequence 1987-1990. Asterisks for a given 
month indicate numbers were different (P ~< 0.05) between treated and untreated plots. 
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FIG. 4. Population densities of Pratylenchus brachyurus in soil as influenced by fenamiphos (6.7 kg a.i./ha) in a 
triticale (T)-soybean (S)-T-S cropping sequence 1987-1990. Asterisks for a given month indicate numbers were 
different (P ~ 0.05) between treated and untreated plots. 
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FIG. 5. Population densities of Helicotylenchus dihystera in soil as influenced by fenamiphos (6.7 kg a.i./ha) in a 
triticale (T)-cotton (C)-T-C cropping sequence 1987-1990. Asterisks for a given month indicate numbers were 
different (P ~< 0.05) between treated and untreated plots. 

(Table 1). The  cotton yield increase was re- 
lated to lower numbers  of  H. dihystera (r = 
-0.68) in the T-C-T-C sequence and fewer 
M. incognita (r -- -0.60) in the T-C-T-S se- 
quence  in fenamiphos- t rea ted  plots com- 
pared with untrea ted  plots. After the first 
year, cotton yield was not  affected by the 
cropping sequences. 

Soybean yield was greater  following fe- 
namiphos t rea tment  compared  with the un- 
treated control  only in the 1988 in the T-S- 
T-S sequence (Table 1). The yield increase 
was related to fewer P. brachyurus (r = -0.79) 
in fenamiphos- t rea ted  than in un t rea ted  
plots. In 1988, yield of  soybean following 
triticale in the T-S-T-S sequence was greater  
than yield in the T-C-T-S sequence. There  
were no  other  consistent correlations be- 
tween crop yields and numbers  of  nema- 
todes in the soil or root-gall indices in all 
treatments. 

DISCUSSION 

Cotton and soybean were grown success- 
fully with little suppression in yields caused 

by nematodes in conservation tillage follow- 
ing triticale harvested for grain. Similar re- 
sults probably could be expected with other  
winter crops grown for grain, but  nematode  
populat ion densities might  be different if 
the grain crop were planted during Septem- 
ber or October,  when the soil temperatures 
are more  favorable for  deve lopment  and 
maturat ion of  M. incognita. In previous re- 
search at the Coastal Plain Exper iment  Sta- 
t i o n ,  m o r e  M. incognita J2  a n d  egg-  
producing adults were found  in roots of  rye 
(Secale cereale cv. Wren Abruzzi) planted on 1 
October  than on rye planted on 1 Novem- 
ber  (Johnson and Motsinger, 1990). The  re- 
searchers involved suggested that reproduc-  
tion of  M. incognita might be avoided by de- 
laying planting dates of cereal crops until 
soil temperature  declined below the nema- 
tode penetrat ion threshold (18 °C) (Roberts 
et al., 1981), but  that no long-term benefits 
could be expected. The  rapid decline in M. 
incognitaJ2 populat ion densities in the T-C- 
T-C and T-C-T-S sequences demonstra tes  
that triticale is a poor  host of  M. incognita 
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race 3, contrary to results repor ted  by Ibra- 
him et  al. (1993) in g reenhouse  experi- 
ments. Different isolates of  M. incognita race 
3 may respond differently on triticale as re- 
por ted for different isolates of  M. arenaria 
race 2 (Ibrahim et al., 1993). The  level of  
resistance in cot ton cv. McNair 235 and soy- 

bean cv. Twiggs is adequate to prevent  large 
increases of  M. incognita and damage to crop 
yields dur ing most  years without the use of  
fenamiphos. The efficacy of  fenamiphos was 
more  consistent in suppressing populat ions 
of  P. brachyurus and H. dihystera than M. in- 
cognita. 

TABLE 1. Yield (kg /ha )  of  triticale, cot ton (lint), and  soybean as inf luenced  by c ropp ing  sequence and  
fenamiphos.  

1987 1988 1989 1990 
Cropping 
sequence Fenamiphos a Control Fenamiphos Control Fenamiphos Control Fenamiphos Conu'ol 

Triticale- 3,181 b 2,822 ab 2,042 1,937 1,490 B 1,638 A 1,785 b 1,732 b 
cotton 977 aB 1,042 aA 838 916 954 A 746 B 789 840 

Triticale- 2,861 b 2,621 b 2,484 2,508 1,567 1,517 2,321 a 2,325 a 
soybean 1,760 B 1,972 A 2,447 aA 2,083 B 2,129 1,979 1,754 1,575 

Triticale- 3,724 aA 3,364 aB - -  - -  1,516 1,541 - -  - -  
cot ton 795 b 844 b - -  - -  956 A 772 B - -  - -  

Triticale- - -  - -  2,366 2,428 - -  - -  1,870 b 1,630 b 
soybean - -  - -  1,908 bB 2,221 A - -  - -  1,604 1,481 

Data are means of six replications. Means followed by the same letter are not different (P ~< 0.05) according to Duncan's 
multiple-range test (lowercase letters for crops in columns; uppercase letters for treatment in rows). No letters indicate no 
difference (P ~< 0.05). 

Fenamiphos 3SC applied broadcast at 6.7 kg a.i./ha via irrigation immediately after each crop was planted. 
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O u r  resul ts  showed  tha t  soybean  is a m o r e  
f avorab le  hos t  o f  P. brachyurus t han  co t ton .  
Also ,  t h e  r e su l t s  a g r e e  wi th  r e p o r t s  t h a t  
s h o w e d  l a rge  n u m b e r s  of  Pratylenchusspp. in 
soil  d u r i n g  the  fall  w h e n  roo t s  o f  soybean  
a n d  c o t t o n  d e c o m p o s e d  ( G o o d ,  1961;  

J o h n s o n  e t  al., 1974, 1975). 
S e a s o n a l  f l uc tua t i ons  o f  H. dihystera o n  

co t t on  a n d  soybean  a g r e e  with o t h e r  r e p o r t s  
( Johnson  e t  al., 1974, 1975).  T h e  la rge  n u m -  
be r s  o f  H. dihystera in  u n t r e a t e d  p lo t s  o f  triti-  
cale  f r o m  N o v e m b e r  t h r o u g h  May d e m o n -  
s t ra te  tha t  t r i t ica le  is a g o o d  hos t  fo r  this  
n e m a t o d e  species .  T h e  low n u m b e r s  o f  H. 
dihystera in  T-C-T-C a n d  T-S-T-S p lo ts  d u r i n g  
the  first  2 years  o f  the  s tudy  a n d  the  in- 
c reases  in b o t h  c r o p p i n g  s equences  d u r i n g  
the  t h i r d  yea r  were  s imi la r  to those  r e p o r t e d  
f o r  m o n o c u l t u r e d  c o t t o n  a n d  s o y b e a n  
( J o h n s o n  e t  al., 1975).  Also,  the  low n u m -  
be r s  o f  H. dihystera in  the  T-C-T-S s e q u e n c e  
t h r o u g h o u t  the  s tudy  were  s imi la r  to those  
r e p o r t e d  o n  m u l t i c r o p p i n g  systems inc lud -  
i n g  c o t t o n  a n d  s o y b e a n  ( J o h n s o n  e t  al . ,  
1975). T h e  p a t h o g e n i c i t y  o f  H. dihystera to 
these  c rops  is u n k n o w n .  

T h e  lower  y ie lds  o f  t r i t i ca le  f r o m  1988 
t h r o u g h  1990 c o m p a r e d  with those  in 1987 
w e r e  r e l a t e d  to  c o l d  d a m a g e ,  e s p e c i a l l y  
w h e n  the  a i r  t e m p e r a t u r e  r a n g e d  f r o m  - 2  
°C to - 5  °C f r o m  23 to 26 F e b r u a r y  1989. 
O n e  p r o b l e m  with g rowing  t r i t ica le  in  Geor -  
g ia  is the  d a n g e r  o f  w in t e r  a n d  s p r i n g  co ld  
d a m a g e .  Tr i t i ca le  is p l a n t e d  in N o v e m b e r  o r  
D e c e m b e r  a n d  ha rves t ed  in  May, a n d  fits 
well  wi th  c o t t o n  a n d  soybean  in c r o p p i n g  
sequences .  Because  t h e r e  is cu r r en t l y  n o  cul- 
t ivar ava i lab le  wi th  co ld  ha rd ines s ,  t r i t ica le  is 
b e t t e r  g r o w n  in  s o u t h e r n  G e o r g i a  a n d  
F lo r ida .  

Tr i t i ca le  y ie ld  i n c r e a s e d  as a resu l t  o f  soil  
t r e a t m e n t  wi th  f e n a m i p h o s  on ly  in  the  T-C- 
T-S s e q u e n c e  in  1987. At  tha t  t ime,  t r i t ica le  
y ie ld  was c o r r e l a t e d  on ly  wi th  p o p u l a t i o n  
dens i t i es  o f  P. brachyurus. Because  t r i t ica le  
g rew well  a n d  p r o d u c e d  a c c e p t a b l e  y ie lds  in  
soil  wi th  l a rge  p o p u l a t i o n  dens i t i es  o f  M. in- 
cognita, P. brachyurus, a n d  H. dihystera, a n d  
t h e r e  were  n o  s ign i f ican t  inverse  c o r r e l a t i o n  
coe t f i c i en t s  b e t w e e n  y ie ld  a n d  n e m a t o d e  
p o p u l a t i o n  d e n s i t i e s  o n  m o s t  s a m p l i n g  

dates ,  the  da t a  i nd i ca t e  tha t  t r i t ica le  is to ler -  
a n t  to these  n e m a t o d e  species.  

T h e  l ack  o f  c o n s i s t e n t  c o r r e l a t i o n s  be -  
tween c r o p  yields  a n d  n e m a t o d e  p o p u l a t i o n  
dens i t i e s  o n  m o s t  s a m p l i n g  da tes  ind ica t e s  
tha t  n e m a t o d e  p o p u l a t i o n  dens i t i es  were  be-  
low d a m a g i n g  levels. Based  on  root -ga l l  in- 
dices,  n u m b e r s  o f  n e m a t o d e s  in  t he  soil  o n  
all s a m p l i n g  dates ,  a n d  r e s p o n s e  f r o m  fe- 
n a m i p h o s  soil  t r e a t m e n t ,  the  level o f  resis- 
t ance  to M. incognita in co t t on  cv. McNa i r  
a n d  soybe a n  cv. Twiggs a n d  the  n e m a t o d e  
t o l e r a n c e  in t r i t ica le  a re  a d e q u a t e  to p ro -  
duce  a c c e p t a b l e  yields  w i t h o u t  the  use  o f  a 
n e m a t i c i d e .  
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